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Ch1 + Ch2 + Ch3 :

Ch1-

) Voltage : it is the energy per unit Charge created by the separation
W =&, wienergy in just

9 : charge in coulomb

V : Voltage in volts

G) current : it's the rate of charge flow.

I =& orfe ,
i : current in Ampere
t : time in seconds

③ power : its the rate of change in energy

P==we
p== vi

, pipower in wat

Note : Some important prefixes : some important terminology :-

pico 10-12 Basic element
↳ has two terminals

Nano 10-9 ↳ we can find I-V relation for this element
↳ ,1/45,121!-

micro

million -
2

terminal 1 is greater than

Kilo I terminal 2 with V = (5V)

or terminal 2 is greater than

terminal 1 with v= -15

Mega 106
v , ) V2 by 15 v 14wa

giga 109

tera 1812
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Passive Sign Convention :

* p = IV or p = - IV

I I

⑦ > t o < t
( + 441994=511%

-

O - O
() - 441093/11)

p = + IV P =
= IV

I I

03 02 -

O -t O
- t

p = - IV p = + IV

555820454261 %16.

&I (,i(t)

Power Signs : -

* power is positive= > (absorbing) + P30 (consuming , power is being delivered

↳ storing to the element (

x power is negative -> (delivering) => pso (suppling

(Usually , current sources and voltage source are considered to be suppliers
(active elements(

passive elements Istoring) : capacitor , inductor & resistor

↳ Active elements : produce energy
- -
voltage current & generators

source source

↳ Passive elements : Consume energy
-

R
-me-

resistor inductor capacitor
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Example?: Suppose we have the following voltage & current :

i = 4 A
-

+- +

-10
--

p =
- IV = - YX-10 = 40 watt => absorbing

Example 2 : -i =
= 40A consider the following car battery connection

One battery is dead and the other one is

* charging it .
If the current i is measured

1
2 and found to be-40A, which car had the

--

i dead battery.=-

P =
= Iv

=- (-40x12) = 480 watt => consuming

Pe = + IV

=

- 40X12 =
-480 watt => absorbing

(the first car has the dead battery

12 : circuit elements

ideal circuit element, are two terminal device

Powermakespre phies
power

,

powerelement
ideal circuit

element

7.
1) Active Elements (sources) :

-

Convert Non-electrical
-> Electric

energy Energy

Active Elements

-
Independent dependent

sources sources

· --~

Voltage current

Voltage current source source

source
source

↓ X
↓ ↓

Ac DC
Ac

D =
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In Independent Source :

ideal independent voltage source

↑ voltageSour it maintain a specific voltage across its terminala

independent of the current that flows through it

(V - is constant
Vab = v

It depends on the circuit's connection(Vba= -V

ag pa is
lo equivalentTo

D : Direct

voltage source A : alternating

--
DC Voltage AC Voltage

Source Source

Ia 19
V I vab = V

VIE) 1 vab = UCE)

b I
Where V is Const

where UCES is a function

:
of time

V I ·
A Current Source :

ideal independent current source

I
:- I- constant

it maintains a specific current through it i. V- depends on the circuit's connectionsisusing

independent of the voltage developed across its terminalas

DC "Constant" AC "function of time"

Sinusoidal

#* he ,

and the other graphs -
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P = -yovat delivered to the Notoe

E
Machine or Battery
(generator (Discharge model

Vxy = 20v

case 2

p =
+ IV = 24 20 = 40 watt = (absorbed by the- source

Machine Battery or delivered to the source

(motors
or

Scharging model

Example :

p=
- IV = - 10x30 =

- 300 watt/ then the battering is providing energy

=> generator
Network

Example :

-or, p =
- In

=
- 4(-20)

= 80 watt then the battery is absorbing
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2) Dependent Source : (controlled sources

They generate a voltage or a current that's determined by a voltage or

a current at a specified location in the circuit.

Voltagesource: Curren source:
-

dep . CurrentSource* v

=constringecourse I*
i = Const . Vx

voltage- controlled

voltage - controlled

i = const . Ix

* reconst. dep - current source

current-controlled

/ dep - voltage source

current - Controlled

Examples (Transistors (

&) passive Elements

* Resistors R : always absorbing power (consume itand convert it to heat

· unit : ohms (5]

· symbol -R

The relationship between current and Voltage across the resistor is linear (ohm's law)

R

"
Example :

2A 29

· E) "ou
Conductance (G) : it is the reciprocal of resistance and measured

in [Siemens or zw (mhol]

G = +

R
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Example : decide wether the connection is valid or not ?
-Tkid-545)X

or IOV I

I S R

5V I
SR

invalid connection- > solution is to connect a valid connection
resistor with one of the sources

since
(series connection v

VI FVz => parallel connection

↳ must (V =Ve)

↳ OV I

SR
IOV I

Envalid Connection Valid Connection
V, + v = 10 - 10

: IOV I

SR
100 I

Valid Connection Valid connection
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Example :

(1&151=dis)

n I = 15 A

⑭ f
on - minin ⑤ ↑

SR

Valid => parallel connection Invalid connection

rE =0

contain ⑦ IOA

① IOA
SR

Invalid connection
valid connection

E 20A

On a Man ↑ 10A
VI = 10A

SR
↑ 10A

Valid

Valid connection

A node : -TId two terminals -I

-
-
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Example : Example

Invalid connectionconnection is valid Vx = 5V

a

&

Vs = 3VX Since VsE Vx

I
I 43Vx- Vx

a

ohm's law

I
V= + IR = voltage drop

V=
= IR = Voltage rise

power
for resistors is always (4) Since it's always absorbing

V ·o
t R R

v =

+ IR V= - IR

p= + IV P = - Iv

p= I(IR)
== [l - IR)

= I'R IA value = FIR (H)

or p= It value on=
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When R = 0 => V = RI = 0 =) The element is called Short Circuit

I R = 0 &

->
It0

- E-
Y - X

ou Y

when R= N => 1= 0 => the element is called open

circuit

I R = D + V -

· S - ->o-

-· X I0 Y

Example :O find the value of Vy that makes the connection valid

(page 52) ② find PSA
M

(b
extra

< + =

I I vg
↓ =A v = -2 v =
2

a

-
t

is-b
Poa =

+ IV = (b)(-2) =
- 16 Watt

PEA = -IV = 8 x2 =-16 watt

Example
:

Mos Pos

Pos = I'R = 1X10 = 10 watt
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[P(t) = 0

* [Pde) = EPabs

Example :

5 A

· V = zv

zor Gp
,

0 . 21 = x5 =

P, =
- [V = - 5x20 = - 100w (del)

P =
+ IV = + 12x5 = 60w (abs (

Ps = + IV = + 6x8 = you (abs)

Py =
- [V =

- zx1 = = ow (dell

Kirtchoff's Laws
:

-

Kirchhoff's voltage law (kVL

Kirchhoff's current(aw (k()

Node: it's a point of connection of two or more circuit elements.

Essential node : it's a point of connection of three or more circuit elements

Node

F
NodetessentialNode sena

node

Node

4 Nodes & 2 essential nodes

Loop : it is any
closed path through the circuit such that no node is crossed

more than once

Mash : it is a loop with no loops inside it
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Example :

·
loops : ABDA , BCDB

,
ABCDA

Mesh : ABDA , BCDB

&KUL :

11 + Is - Iz=

·nin
or

- In - Is + Iz = 0

or 11 + Is : Ev

Kirchhoff's Current law : (KCL)

node

i
[lin = [I out

== -dont1 + 4 - 2 - 3 = 0

or [[in = 0

is + iz = 12 + 4 2+3 - 1 -4 = 0

5 = 5v

Ri Ru

Kirchhoff's voltage law : (kVL) ihit
EVclosed

path
=

O

~
n = D = v

V =
+ IR V =

- IR - Vsi + V +Vz + Vsz = 0

- vsI + (+ IR) + (IR) + Vsz =0
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Example
Node1 Nodes

⑧

g
node y

Example : for the circuit shown apply KCL to each Node ab, c & d

&
is

t
a = is + 12 - i4 -1 = 0 = i5 + 12 = i4 + i

6 = (6 + is - [2 - 1 z +a =0 => (a + ib + i) = i + 1

c = is + (4 - i6 +ia = 0 = (3 + 14 + i = i)

d = -ic - la - 15 = 0

Example

loop = + Vy - Vb -Vy -V , + Vz =0

loop O = - V6 -Vg + Vb - Vy - Vc = 0· loop D = - Va + Vs +Vs = 0

loop @ = - V 1 + vz - Vc +Vz- Vd Na=
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Example : find io ?

essential node 3 nodes
↓

on
essential node

A
- 120 + V ,

+ Vz = 0
* Preor = IV = - (- 3x120)

10:0 + 50 (io + 6) = 120 = 360 watt labsorbing
6010 + 300 = 120

* Pion =

+ Fu = (= 3) (+ 10X - 3) = 90 Watt

jo =
- 3 A

* P50s =
+ [V = (3)( + 3X50) = 450 Watt

Pon =
- (360 + 90 + 450

=-900 watt

or => p =VI = - (50x6) =
-900 Watt

V =
+ 1R = (- 3 +6)x50 = 150v

Example
59 6

-
is + 52s =

00
=> 6i = 10

- 500 + Vs + Vo = 0

Sis + 6 is x20 = 500 => Vo = 6 is x20

125 is = 500
= 6X4X20

A = 480 volt
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Example :

25 YS 2- 49 I

*t"vi by 20 volt *bvaQ Ou I

-

- 10 + 21 + YI + 20 = 0 VX + 21 + 10 = 0

6 =
- 10 41 +21 =

- 10

I = -A
I=

UX= + [R = ( -x)= vol

2939

find VI
,

U2 & V3

* vi =
+ IR = 2x2 = 4V

Vz =
- [R =

- 2X3 =
- 6V

Vz = + IR = 2x4 = 2

4 v bu 28

Et Find !*
-L

- vz + y + z - 10 = 0

Vz + 4 + 6 + z = 0

volt
Vz =-/8v

PLA = -2X2 =
= Pw

Plov = - 10X2 = -zow

4125

*
Mt find Vz ?

10 V
① ⑪
E - Uz

- Vz + Vz + v + 10 = 0 P29 = 2 X4 = 8w

-Vz + 4 + z +10 = 0 Pyr = Xz = 16
- Sp =

0

vz = 22 vE Pore 2x10 = 20w 3
PIA =

- 2x22 =
- 44 w
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Chapter 3 : Simple Resistive Circuits :

resistors in series & resistor in parallel
in Series : in Parallel:

E

i Nodes znodesti
Series elements have same

i==
KCI : Is = i ,

+ in + is
current :

KVL : Is=
- Us + iSR, + R2 is + Rsis = 0

(R , + Rz + Rs) is = Us
Is = vs X (eq)

~ Req=
Req

Rey= Ri = RitRzt ... ref
The Voltage Divider and CurrentDivider Circuits

voltage Divider Rule : VDR

veringin
voltage divider rule is

Req : Ri + Ru Just for simple circuits

invalid - current S-800s
sourceFre -

Retr IdrDr3333 I
vn-65

- 66 volt

Uploaded By: Malak Dar ObaidSTUDENTS-HUB.com



Example
509

find UI ?

.
=- 33 . 33

-V

4

VX = ??gi
x= +V

Example : Find UX ??
49

3+ 6 = 99

i -
Vx =+4

+ 120 = 725
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Current Divider Rule : (CDR) :

⑮it
v = iR ,

= iR

= is Reg = isR

KCI : is : is+is

Riv = isX
i=raxis in r

is

&

Si5/s

Example : Find vo

isoi
is =is

= 3X10 - 4 A

Vo = toR = 3x10-4x00x10 = 24 volt
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Example : find Posix ?

·
- = 3 t

3 + 15 = 189

-

& S 3 - v = + IR = #x3 = 10v↳iii
i

ix = -X(2 + 0 . 9ix)

ix =-(2 + 0 .9ix) => 3iX = 4 + 1 .8ix

1 .
2ix = 4

ix=
p = -IV o

== (0/Xx 10) = -go watt

Example : findis do
f

·
ix=
ix = 0. 6 A↳ Vo = +30x0 . 6

= 18

= 2A
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D to Y & Y to D

·
extent
· # ii
~
milent
A - Y

transformationY
- D

29

·

e
= RatRs - O

Ri + Rz + Ra

Rbc = (Rz+R, )
=

Ro +R - Q
R2 + R, + Rs

Ra=(RitRe) = Re + Ra-
R3 + kz + R,
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if Ri = R2 = Rs =Ra

if Ra = Rb = Rc = Ry

j y + 1 Ry= Ra

Final Ri =

RaRb + RbRc + RcRa

result : -·
mmm

Ra = 3 RY

R

Ru
:Rb

+RbRc+ RR

Rb

Example:

↳↳

,125x100

Reg = 5+ 50 + (10+ 48)/(12 .3 + 37 . 5)

= 805

Pos= cabs)/Pod
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Example :

-
Rab =??

parallel and series- Not A to Y

1248 = 30s

== 75

=5
4 + 16 = 20 = 230 = 1

12 + 4 + 14 = 305

Rab =30
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&4 : Techniques of Circuit Analysis

Nodal Method (Node Voltage Method)

Terminology :

planner circuit : a circuit that can be drawn on a plane with no

crossing branches as shown :

planner :5- Na,js is

planner·
non planner converttit's hard

without any cross

so it's non planner

are essentialNotease⑧
nodes

-

branch

(Any connection between two

nodes (
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Nodal Method : (for both plannera non planner
· Nodes · Essential Nodes

of ⑦ identify all essential

. Nodes .

②Select one of the essential

nodes as a reference

node.

③ label all non reference

essential nodes with

alphabetical Labels V, Vz ..i ① Write KCI equation on all

labels non reference nodes

KC = -TitItIs = 0= Node E

v1 -10 -1 = 0

Fl =(+0)

F2=
13 =

I

·
- + -2 =0Mode Eq .2
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Example
isvn los ve special case
-=

.
Vz = 2

#10

+

Example

·
V2 -V , - 2

To
+ 1 + 3 =

Vi = - , un = -v
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Special case :

+
10+-V

-1
-

volt X => current gir

+

=

e-vode

·
Vi = 2 v Vz-V,

A

-

M 5

+ - 3
=O
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3

·
#
=

·
x()+ =0

2

-
05=-

① -5

- + (v)+ = 0

- vi +zvz = -20 -- -.②
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Extra examples:With
details o

54

·in z

- 3 + 1+ = 0

- 2 + ( +

v
vi = Sv

Vz = 2 . 5V

(Original circuit)

A

⑪ Example :

·
·

E

for vi = Y (V -Vs) + 3 + 3)v, -V2) + 8 = 0

yu.
- 41 + 3 + 3V - 3Vz + 8 = 0

v= = 1Vz + (Vz -Vi)x3 + (vz -Vs)xz - 3 =0

vz + 3Vz - 3V, + 2Vz - zVz - 3 = 0

v3 = - 25 + 5Vz + 2(Vg -vz) + 4(V - 4) = 0

- 25 + 5Vs + 2Vz - 2Vz + 4Vz- 4k = 0

7v1 - 3Vz - 4Vz =
- 11 Vi = T

- 3V1 + 6Vz - 2Vz = 3 = Vz = zv

-HV - 2Vz + IIVs = 25 V3 = 3v

(you can solve this using Cramer's Rule (
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3) Example : (Original Circuit)

25

V2

·.in pin

·
↓

v

= J
-V+- Vz = 102

⑮ Example :

sina
>

Den
=)

=

·
-

vi =- /UnUploaded By: Malak Dar ObaidSTUDENTS-HUB.com



Example : /Originalcircuit

·yV1 -0 =10 => v = 10

v2
- Vz = SV I node8

jy125
VI -Vi+ = 0
-

2

: V3 = 4 .2v.& V2= 9.2 ~

another

·
super node V

vi =
-5v

(Vc - vs = 105) -

-
(+)+( +Y) = (E +)

=
Vs= -9 . 2 v

Vz= 0.V
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↑

Example :
49

49

t
v =

101"/ =-su

+
=
( + y = y -5

=
Ev

Example :

4

· Vs· tign!

lov

=

vi = 10V /Vz - V3 = 3i

E

+ +1
8
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*** Example:it's easier to take Vs as a reference

3i super-super-Node Coriginal circuit

v, - Vz = 3

10v
i = V3

TDi Ey~ vi - Vz = 3-
5V3

#
+ + = 0

Example : Coriginal circuit)

·
V3

-Vz = 2V2 -100 = Vz = 3Vz -100

-
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Example :

Coriginal circuit)
super Node·

v1 = vz = 20 -- O Vs - Vy = 3Vy

V3 - Vy = 3V - 3V4aV3 = 3v1 =2V-

Example :

2in
#

V, - Vz = 6

- 6mA+ + 4 A = 0
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Mesh Current Method : - (Only for planner circuit
50

29

⑦
wast Vx=4 (11 - 13)

Nodal
= 4)[3 -1)

&12 + Vi ⑧

Dicti
-

=

mesh currents

E all cw/CCW
- 15 + 911 - 413

- S12 =0

·

(clock wise) (counter clock wise)

1412-313-511 = 0

↳ write KVL eq's 5 + 91y - 411 -31z =0

& I:

- 15 + 4([ 1
- [z) + 5(I) - [2) = 0

9) 11 - 512 - 4 Is = 15 ---Q

& Iz

05-@St1 + 1412-JIs = 0 -- -
ju, I

·:5
/ (3 + 5 +6)

I , &I2

inme

& Is -411 -

312 + (2+ 3+ 4/13 = - 5 ---
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Example :

super mesh↳
① I, = 15

② 12 = - 5 [i - 31s + 141z = 0

14 [2 - 5 Iz = 5 X15

& In = - Y11 - 312 + 9 Is = -S

- 4/15 - 312 + 913 =
- S
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Example :

↳

·
④I - 312

+ 157 - 2[z = 0 ----D

& I - 25 + 3([n - [ )
) + Vy + 61 = 0

3
& Is 50 + 473 - vx + 2(73 - (1) = 0 3

instead , take

the large loop

-25 + y([2 - Fi) + 2[13 - [1) + 50 + 413 + 61z = 0

- -11 + 912 + 616 = -25 . ---

5 =Is - 12 ---
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Extra Examples : -

I

·
-50 + 2511 - 2013 - 5 12 = 0

1510 + 2473 - 1 , 20 - 4
-12 = 0

1012 - 51. - 413= 0

id = 11 - Is

-
Fi =

29 .6A) [2 = 26A/Is = 28 A

Example :

·t
suppermeshIni

Is -[1 = SA ---- ()

super mesh eq : -100 + 3 (11 -12) + 2(3 - 12) + 50 + 41s + 611 = 0

- 100 + 31. - 312 + 21s - 212 + 50 + 413 + 67
, = 0 T

I = 1 .75A ,
In = 1 .25, Iz = 6. 75 A

9,
- 512 + 613 = 50 --- (2) I

[2 > 15 12 - 31) - 213 = 0 -
- - - - (3)
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Example :

·
In-13 = 7

CF2 => 612 - 313 -1 = 0

Espermesh = -7 + 1([1 = (2) + 3) Is - 12) + Is = 0

I - 412 + 4 Is = 7

Example :

UX =
+ [x 3· =3 (13 - [n)

V = 313 - 312 ---

Is-F1= Is-= --

& 12 = 612-313 -1 = 0 ---Q

super
mesh =f I = 15 A

] I
3

= 17 A

Iz = 19 A

# n = 15 A

313 - 45 = 13 - Ez 6x11 - 313 = 15
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Source Transformation :

1-
V⑪↳

6

Va6 = Vs Vab = RIs

~
Vs = Is R

①

OnsVS ↑
-b I

Va = Vab
=Us

Urivas=

Vmc = RLXR **s

W
Va6 = Is R
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Example : find It

4:7k3k
,
I

andge
I 5K 4 .7 3k

>

Vs = Is XR =
= 9X5 = 45V L

=17 +y

=
3 .31 mA

Example : a) find the power associated with the GV source?

6) State wether the 60 source is absorbing or delivering power?
69 59

·Digit
40 = IsX5 =) Is = 8 A

·
·B
·Bri

R=
30

=
12

Vs = 1 . 6 x12 = 19 , 2

=

Qia
I =192-6 = 0 . 325

Por =
+IV = + 0 . 825X6 = 4 . 95 ~

absorbing power /
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***

Example : findNo using source transformation

55

+ 255

·ung
↓

·rig
Is= = 10 A

·iiidgs 201/100/25 = 10s

V = IR = 2x10 = 20v
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Example :

0 . 5 ix

⑳
=5 A

intile
=

Nda

Special case :

·
Resistor in Series

with Is

Uploaded By: Malak Dar ObaidSTUDENTS-HUB.com



Super Position : you can calculate the voltage or current by finding the contribution of each individual indep source acting alone

dep sources- are left intact

steps: kill all indep source except one

indep source & find the output .
V, i....

"Veinz ...

find the total contribution by adding Fil +ic ... /Not utu +...

* dep source are left intact

-⑰ => S. [

-Q- => 0 . C

69 29

Example :

Mininit i
* to remove voltage sources -> replace it with short wire => V =

A to remove current sources -> make it open circuit => I = 0

I V3

iV=
V3 = ++ 12 =--

4V = 120

Asov Vz =
- 24

,
Vz = - 12

ij = (4) = 2 = 5A I [y" = - = - 6

130=S i" = + = + 2A/i"== is

i , = 15 + 2 = 17 A

iz = 10 + 1-4) = 6 A

iz = 5 + 6 = 11 A

in = 5 + 1-b) = - 1A
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Example : Use SP to solve for it

i 62

.

n ·ix = 0.2A

I= = 0.2A
ix= x

= 0 . 8 A

ix = 0 .6+ 0.2 = 1A

1

Example~or ⑪

ix' ix ix i 14

jimix nix&

ix, i =
ix" + 3

2ix" + i + zix"= 0

ix = 2A zix" + ix" + 3 + zix" = 0

: - [x = 2 - 0. 6 = 1. 4 A Six = -3

ik= -0 . 6 A
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Problem 96 : (solve
↳ Done lansw : v = 2 80)

I -

ELum Lum
Lo ↳

with mesheasy

Example : but super position- Note

I2 -↓ in parallel

W

in MingEyzIxi Ey2Ixi
W ↳

E

-10
+ 32x1 + 2[X = 0 V ,

Fin z
- 3 +

-

27x = 0

But Fxz = - Ul

5 = 3 = vX = 1 , zv

ixe =
-0 .6 A

ix = 1 - 0 .6 = 1 . 4A
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* * A

Tamp
D

· inVa =-0. 4Vo X10

↓
5

I = 0

Va =
V2-Us /Vy = zix = 2x- = =

so =
0 .4 =0

SV
- 8Vz + zVz = 0

vo= SV - 8Vz + 2)-

zvi) = 0

25V1 - 40V2- 16 v = 0

Ve=

= 0 . 4Vs +-5 =

0 . 4 (Vz-Vy) +(V - 5 = 0I 5V2 - 5V3 = 50

: Vo = Vog + Vog 4V2 - 4V3 + Ve-Us = 50

= 5V-) = 50

5V2 + 2v, = 50

#X2 = 50

an + 16 V1 = 400

E

VI = Vo = 16 v

t

n
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Thevenin and Norton Equivalents

Example : Findvo Using thevenin's theorem
2k &

s
↓

finding Vo. Finding Req4 I
2k 3k

Rth
Vo .c

Copen circuit) -m

Lo -

Vth = Voc Rth = 2 +3 = 5k&

- 4 - (2x2) + Vo . c = 0 Vo= X8 =

Vo . C = zv= Uth

im
Example: findNoUsing Norton's theorema

s
-

In = Is = In
t

[2 -I = 2 =>ito
- 4 + 21 ,

+ 312 = 0

21 ,
+ 312 = 4

- 21 , + 212 = 4 Vo = 1 . 6 x
Iz = 1 .6 ma

I ,
= - 0. 4 mA = 4V

or Vo = 0 . 8 X5 = 4
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Vth= Vo .c

LeaveNotea v

it

Fir Dircuitvo

② Ri=??

how to find Uth & Ro ? case I No dep, source

case 11 with dep, sources? Tall indepoa Be

-> method A

DircuitPe Rih -> series/parallel

Ri

=Voice
Norton eq .

circuit

&s .c
= In

-> method B : Test source Method DircuitPe
Rth=est( R = RTh

↓
allindepsources

(dep 1) Fry or

kill indep-killindep circuit
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Note: source transformation:

·
Uth = Vo .c

Voic = Vth = 10 Volts

·
Exampleia
solir Rated
L

- Ro
Vth = 0 + 2x2 + 4 = 2 volt

Rth = 2+3 = 5k

n
Vo=l
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Example:

↳3
I-

-

findvo using ther eq. circuit

n
method A :

Vo . c = 4re zeroe depcurrent 15%-jVx8-8

2k 3k

⑪Imkr.

+

!I I-
UX =R a
volt
V= vx = 8V

·Siopen jois514 Note :

* M *

v
Vo=- x8 =2
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method B :

Rth =1 Call indep,sources set to zero

2k 3kT ①I- ↳ 400

Let VT = 4000 v

3k

Tracetransformation
+

=1400020VX = VT = 4000V

2

roo = 0 . 4 A

Rth==
= 10K &
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Ch4
,
Therein and Norton Equivalents

VFNRN JRtRN = they're sourcetransformata

Example: findvo using the renin's theorem :

3k9

-> +

·ingzat5KI

-0 -

↓
ki

inins vo
5k + Rth

O find Voc => Road -> open circuitVth

2k-3k

a
Vo .c = 2x2 + 4

Vo .c
= OV = Uth

② to find Rth =) all sources are independent o remove all independent sources

2k 3k Rm= 3 + 2 = 5k-

R
Vo

=current source- > open

Voltage source -> Short circuit
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using Norton Techniques :

placeloadwithshort
cira

&

focus on directa

Ic - 11 = 2 mA => Rn

=em
super mesh = -4 + 2k11 + 3kIz = 0

- y + 2kI ,
+ sk[2m + [i] = 0 RN= 1+ 2 - 5kS

[1 = - 0 . 4 mA

In = 2 + 0 . 4 = 1 . 6 mi

IIN = 1 s . c = 1 . 6 mA

Example: findvo using thevenin's theorem:

Vo = 5X0 . 8 = 45

r 8 ke

To find Uth= Vo.
C

3k-4 -mo 24o

⑮vin Vo = -2X2 = -2

Voc = 4 -2(8) =
- 1V

Lookingsut= 3 + 5 = 8k
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Me

** Example :for the circuit shown ,
find thevenin equivalent circuit with respect to the terminals

a & b ?

Thevinin conversion
Uth·= unon

&
- b

givova
A ta = exit

#14-0.1= 0 = V =7

F= A

·↳ 6

=> Voltage for open circuit has a

Value , but the current is zero

=> Curren for Short circuit has a value

but the Voltage equals zero.
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Example : FindNo using therenin's theorem:

in Two ways to calculate Rth :

way I Rth==Is :

(invalid whenthe0 or IN = 0, 8)

Ove eroni v

- 4 +IN(5k) =0

XX = vo . C

IN = 0 . 8 mA

Vo . C = 0 +xx

t Voc = 4 => Voc = zv Rth-=

way 2 replace Road with current source or voltage source & kill every independent source

we got Rth=
VI

m
- vejits
#

=

( + V = +)xm
Rth=== 10

6V + 4V1 = 4 = 3

VI = 0 . 7

i +
=

-(= =

0 . 1 mA

venoring
vo==

convert to Vth/Rth

Example : find I using thevenin's theorem :

151,in
in ut

15 =0
vinif for

-

In = 1A

# = - 1 . 5 + 511 - 2 = 0

# = 0 . 7 A

Ut= 0 = Rt = =0id

I = 1-0 1 7 = 0 .3 A d -
VT - 0 . 3xz = 0

VT = 0 . 6V

Rth== = 0 . 6
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Maximum Power Transfer :
-

Example : what is the value of R2 that will absorb the maximum power :

↳ i=RthI of for Ru = R + ess

p= i
= R = (B) kp will be the maximum

&P = (V) [RhtRS-RL .2)Rt +R

(Rth + RL)4

(Rth + Rc) [Ru + RL - 2RL] = 0

RH = RL

=> P:R

Example : -Find the value of RL for maximum power transfer in the circuit shown

-find the maximum power.

Dining
r

↳
At mVo . C

RL = Rth = &

Vo . < = Vth = 0 + 2x3 + 4xy = 22V

Rt = 2 + 3 + 4 = 99 Pmax ==
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Example : Find the value of RL for maximum power transfer in the circuit shown :

Find the maximum Power.

+
Voc

d Fi
[1 = 2mp

9 kI2 - 3k[1 + 3 =0

3kI2 - kI ,
+ 1 =0

3kIz = 2 - 1 = 1

F2= mA

Vo .C = x +x= 10 or D us

Rt= RL = Rth = 6 K &

Rth = 2 + 4 = 6k9 Pmax-(= Wat

Example :For the circuit shown below ,
the current in has units of Amps .

Determine : -

1 The resistance R that will cause the current ib in the circuit to be YMA.

2 The resistance R that will cause maximum power Transfer to it from the circuit

ake
2000 in

ake
2000 in

· :Fittingi

I = (a + 4m

- z + 9kI + 2000ia + iax1k = 0

9k[in + 4m] + 2kia + kin = z

in = =A

XmXR = 1xx
R = - 583 . 39

(negative resistors has a particular meaning
=> by increasing the voltage => the current decreases

22) => Rind = Rtht to have maximum power

·

·
IN = F mAUploaded By: Malak Dar ObaidSTUDENTS-HUB.com



Maximum Power Transfer

(revisionism
Rth xVt

·m
= (B) 2R(RR

Ri = R th

max Power transfer Pmax = We
i

Example :

316 is F-732

ho &
Lu

64
316 is

48

+ 400 + 807) -
16 E2 =
02 =0

Tis
⑧ 8013 - 200 - 32 Iz =0

·o 4812 - 1611 - 32 Is = 0
In

I =
- 5 A

,
Iz = 0

, iz = 2 . 5 A
64 48

In = 11 - Is = - 5 - 2 . 5

is = [1 - In =-7 . 5 A

316 is = 316 11 -31612

Rh=364
②I 400 + 26011 - 18012 - 1613 = 0

26011 - 18012 - 1613 = -400 ---O

⑦ = - 800 + 260 In-180 I, - 32 Iz = 0

- 180 11 + 26012 = 32[z = 600 ----

② Iz = 316 11 - 31612 + 4813 - 3212- 16 I = 0

300 11 - 34812 + 4813 = 0 ---

I = 3A/[2 = 5 / Is = 17 . 5A

is = 3 - 5 =
- 2A

vt = 180X = 2 = - 360 -
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Ch6 : Capacitor and Inductor Models

* Capacitor : (electric field

= E

= (+

iCt) =c
* Inductor : (magnetic field

induced voltage = ↓
ult) = Nd(pi)

vet) =Nap
v(t) = L

In Summary

Capacitor :

ited inductor resistories
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Ch7 : first order RL + RC circuit

I first order RL circuit :

In
·D ·he v=L d

~ Ip +v
-

t 30 i is continuous

(there is no instantaneous change for i(t)

Io : initial inductive current iltil = iCti) = i(t))

kVL : => -v + Ri + L = 0

Ri + L =

=> it=+e

T= >
time constant

initial final

to Transient steady state

(10) = to/i(d-u

IVR- ------- (when -o inductor acts like a short circuit)

I
Note : when ten ,

i= = constant => VF =L =
0

=> Lappears as a short circuit.

* Notes :

inductor its = if + (ii - if) ete
1 + 30

① if V= 0 => if = 0 => i =
toe-t (Natural Response)↑-t

②If VO = if + 0 => i = if + Lio - if)e
+ /Y

(Step Response)
to

If

Note : assume that ij = to =0

i(t) = if + (ii - if)e
-
th

= if(1 - e

= z/) ni
i(t) = 0 . 63 if

if-
0. 63i7

-----
↓

->
t
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Example
The switch is set in position

2 creached the stedy state

- X for a long time .
At+= 0,

t = 0 -

the switch moves to position

=i Y
. find itt)

,
+30

~
switch f

"Ot = ILOT= t = 0-

position x position y king on

at t = 0-=> L is a short circuit

Io = -8 A

fort >0

↳
in(t) = if + (10 - (f) e -

t(x

ii = Fo =
- 8t = LR to

t + + (Lis short circuit) R = 29

25

+ if

.
if= 12A i(t) = 12 + ( - 0 - 12)e

-

10t

,
to

-
10t

i(t) = 12 - 20e

Uploaded By: Malak Dar ObaidSTUDENTS-HUB.com



Example :

· has been closed for a long time. The switch
opens

at to find

is (t) +30

i(t) +30t

at t =0 - => L is short circuit at t ex => L : is short circuit
20ks

· onunit to

· titFo=

t> 0 (to calculate R the same steps of Ri) =V

on
If = = 9mA

Lox50 =
15

Req = 15 + 5 = 20k-

= = 1 .5

8x10"/t

ic(t) = 9X103 + [3x10-3]e A

i(t) = 9 + ze
-

8X104t
mA

to find iCt) => >0 +
-since it's not cont For resistors

it = 9 + 3e
-

0x04t
mA

L. (d =
-60000 exo mu

V = 5ic(t) + Vi(t)

= 5i((t) + L

i(t) =X
= 45 + 15-8" -

EX4e-Ox

i(t) = 45 - 45e
-8000t

ma + 30
+

-

60

Uploaded By: Malak Dar ObaidSTUDENTS-HUB.com



Example :

t
The switch has been in position X for

a long time . At to
,

the switch moves

160v I
to position y , find VCt)

, tot

ic = 1f + (to-I)e => If=0 since there is no voltage source in this case

ic(t) = Loe
/

solution => t = 0 => L : is a short circuit at t > 0

. volt15.-00
#160

1000 - 16000 + 240V + 60V = 0

oV = 40V

Io = 1=
5 + 15 = 20

20x5
= 4

-
25

T== = 4 ms
20 + 4 = 249

icht) = 22
-

250t

i(t)

·
5V =

- 20iL

V =
- 4ih

Volt) = i(t) XR

=20x15 =-0
=

- Ge
- 2507

-
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Summary for inductor cases :

① iC) = If + (10 - If) e
"e

where If too (Lisse Rth== L

Rte

To => t = 0-(Lissa)

②It)=[e
& i = 0- = (2 : 5 ,4

Thevenin equivalent circuit

# first Order RC circuit i-

R

I
-I + 1 +-~
I=

Vo = initial capacitive Voltage => VcH = RI + [Vo-RI] e-t/

Y= RC

Vat) = RI + [Vo- RIJet/

at t = o => Vc = Constant = Vo

=> ic =& = 0 = C appears as an open circuit

-R -I
VLt) = ve + [Vo-Vf]e-t

,
to

- t/

* If I = 0 => Vf = IR = 0 => VI = Vol

If I = Vo = v = V(vo-vf/e NaturalResponse
VaCos = Vc(0 + = VcLo +

ic = ed continuousa

* Vo = 0 + VFto = Vc = Vf(l-e
*

) V, (2) = 0 .63V)
M

vf-
0. 63Vf

-----
3

Y
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Example: calculate v() , to
, The switch has been closed for a long time , the switch opens at

t =0
,

find Valt)

75mA4Tunin for v = Vf + (vi -vf)e
- th

for t = o => C open circuit for -d => ( = open circuit)

·notim T 50us = VF = IR = O

(Natural Response

= 200

for t 30

0 . 4 myE 50k
T = RC = 0 .

4 MX50K = 20ms

Vc = 200 e50t

Example : The switch has been in X for a long time, At t= o the switch moves to position Y find Volt)
,
to & volt) , t ot

20KS

·
Vclt) = Vf + [Vo- VfJe-T , Y = Ra

for t =o - => C is 0. C for t + - = C is 0.c

8ks 40k&

Youor 75
F== 0 . 5 m I:ok

= 0 . 375mA

vo = 0 . 5X60 = 300 VF = - 160x0 . 375 = -60-

for t > 0 => to calculate Rth

-
Rth = 2 +6

= 40k & T= RC = 40kx0. 25 M = 10 x 153s

v(t) = -bot 90e
-100t

lo(t) = CX = 90X-100X025X10
* xe-10

==2 . 25Xe-10t mA
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Example : the two switches have been closed for a long time
, find cit) for to

t =35m see

boitou
0xt >5

solution

in-9 t >354

Ye for both cases =Natural responsea

il = Io ,

e-thi

in = [02 et-0 . 015)/E2

case 1 => t = 0 (Lis S .2)
=>

to find Rth = + >o

sor Gettingi
(0 <t (35)

=
s timTo

v = 18v
=> 3 + 6 = 9

io = 1 = 6

Asusms

(2
,
(t) = 6e

=
40t

When t335ms
39

Case 2

Fo = ih(35m) =12
,

(35m) since it's cont sog 150 with

=
62 40(35x10-3)

= 1 . 48 A
Rth = 3+ 6 = 99

((z(t) = 1. 48e
-

60(+ - 35m)
A

T== = 16 . 67 ms

A ukt 35m

in = 960e- (t - 35m)
t335m
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Example (with dependent sources (

↑36VI --
ilt) = if + (% - if) e

-

t

Byeipt) = E

solution at t = 0-> Lis S . 2 + - = Lis Sic

In

T int join
-

12 = 4ia=A
V = 4iA

670 - 2x3 - 4X3 = 0

at t >0

3A ...
5lt ⑰4. 5 A

·Anit ⑰4. 5 A

3
Rth==Essex

i(t) = if + 150 - if (e
- tim

F= =
6A T = + = =

iA = GA

i(t) =
%. 5 - 1 . 5 e- *

A
Vth = 4x6 + 12 = 36V

In = If = 4 . 5 Volt = 6 Xi(t)

~Gin I
= 27 - ye

- 3 +

v
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Chapter 8 : second order RLC circuit

#) parallel RLC circuit E) Series RLC circuit

e
⑪ Parallel RLC circuit

Fo => intial inductive current

Vo => initial capacitive voltage

Norton equivalent
circuit

KCI at node v

- 1 + Y + + Svdt + c =0

++

+= 0 -- 2nd order differential equatina

v"++ = 0

s++= 0 characterstic equation

Roots of the equation

Siz = -x + x2 - wo

, wo=
"reper frequency he resonant frequency

a) > Wo -> SidS2 diff , real roots => Coverdamped Response)"

>
t

6) Wo -S& S2 complex roofs => Lunder-damped Response)v

·

test
~

d < = Wo => SidS2 real and equal roots => (Critically-damped Response) vo

-
> t

Uploaded By: Malak Dar ObaidSTUDENTS-HUB.com



-> a Over-damped Response (x > W)

vit) = A ,
est + An est

R w=
t 0

Siz = -212"-war

=> to find A , & A2 => Not & VLOt ·
v(ot) = v(0) = vo

i
,

(0+) =cdLOT)
= CVCO I = iR + (c + ic at t =0 +

~lot) =

cool
C

=> V = A ,
est + Azest

v(ot) = 1[I -V-

v(ot) = vo = Al + Ac ---

vicot) = +[I - Fo-] =S
,

Ai +S2Az ----G

solve to find As & A

Example :

~rhino find V => +>, 0

Vo =RV/Io = 30mA

solution :

20== wo-oxoxo-200X2X0 ·2 M

= 1 .25 X10" rad/S
= IX 104 rad/sec

2 > Wo = over-damped > two diff& real roots = vIt) = Ale
**

+ Azer

Si , Sz = -I w ~ (0 + ) = v(o -1 = Vo

S1 =
- 5000 rad/sea 12 = Al +Az --- O

(no current sources(

Sc = -20 , 000 rad/sea
v(co +) =+[- - =]
vo+ ) = otos[ - 0 . 03] = -450 X10 Use

- 450000 = - 5000A) - 20000 An ---

A ,
=

- 14 /Az = 26

-
50007

v(t) =
- 14e + 262

-200007
V
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=> B Under-damped Response (2 < Was

S11S = -I wor

v= e
- [B,

cos (wdt) + Bu Sin (wdt)]

wato-a

V (ot) = Bi = Vo

v'lot) = WdB
,

- CB
, =+[I-to-o] Solve for B &

Example : Vo = 0/Io= -12 . 25mA find V, iR , in die

antin
Solution : x= w=

= 200 rad's = 1000 rad's

w>> then under-damped

general solution = ed [B.Cos(wdt) + Bu Sin (wdt)]

wa=-an = 980 rads

Vo = Bi = 0

v(t) = e-+
B2Sin(wdt)

v'20t) = wdBn-x

v(OH) = 980B- = v(t) =t[Io-
000 =406 Be

B2 = 100 v =25m = 98000VIea

v(t) = e
-2007

[100 sin (900 +]] volt

iR = #)=e-200t Sin (900t) = 52 sin(98

ic(t) = CX = 0 . 125Mx[e
- 200100Cos(900t/X980 + 100sin (2007/X -2002

-

2007]
= 12 . 252-200t cos(980t) - 215e-2007 Sin(f) A

ice = -Sud + to or "eirtiti
then i = -iR-ic

-
- 52-200tSincoot) - 12 :252-200t0s (980t) + 2 . 5e

-200t
Sin (180t]

= -2 .59
-
2007

Sin 1980t) - 12 . 25e-2007 cos (980t) ma
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=> c Critically-damped response

W
V(ot) = D2

v'(ot) = Di - CDz = t [I -
Fo -1

Summary
x=wo= V(ot) = Vo v'cox) = t[t- V -]

over-damped under damped critically damped

> Wo < Wo X = Wo

vIt) = A ,
eSE+Azeszt vit) = e-at [Bilos Wat+ B2 Sin WaE] V(t) = Dite

-<t
+ D ,e

at

sus--de-wor wa Tor-22

r(0+) = Al +Az V(o+) = B, v(ot) = D2

Vlot) = Aisi +AzSz = vlo+) = wdBz-2 Bi viot= D ,
- X D2

Example : The switch has been in Position X for a long period of time . At to ,
the switch

is moved to position : find VCH) , to

e
Wo =* = zorade

switching & = W => critical-damped

~ (t) = D,
te+

+ Dze-et

at t=O- = (is O . C & Lis S . C ~ (0 + = v(0 + ) = v(0) = D2 = 12V

28

vo+) = D ,
- CD2 v'(t) =1]

12 ↳ parallel resistorfit -480 = D.
- 20X12 -100 x

D1 = = 240

= - 480 V/sec

Vo = 12/10 = 0

: UIt) = - 2yote
20t

+ 12edt
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Example : illot =0 & VICO =

find vIt) for>0

find icIt) for >

↳tion
-

-

solution =: (W=
= YX10" radise

= 5X10"rad/see

X> W = real , diff roots

v(t) = Ai est + Az est

si =
- 5+= - 16X10" =

-2x164

S2=5 - 25-16x104 = - 8x10"

v(0y = v(0 + ) = 0 = Al + Ac = 0

vo =+[Is-
v (o+)=S-axv 96x-2xA-Ex

=
A2 = -16 = Al = 16

Q VIt) : 16e
10

" t
, 162-8x104tou

② Is = iR + ic(t) + icCt)

ic(t) = cd
icht) =

- 8x10-e- 2x104t
# 32x1632

6x104t

iR = Y = 40x103e
- 200X103e - 8x10"t

i((t) = (24 = 32e
- 2x104t

+ 82
- 2x104t)mA = · 250m

6 (Is-ic(t) - ir(t)) ic(t) =1 SuctdE + lo

= 40[- 8x10
-"y

-240"
+ 2x10

- "
e

- Ex04]

= (e-8x10" - 32e
-2x104

+ 24(mA
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② series RLC circuit :

RLC

Io : initial inductive currentvo : initiat capacitive volea

t30

KVL in the loop :

v = Ri + L +[ Saudt + v)
O = Rd +L + i + 0

i + i + Gi = 0

s + Es + 5 = 0

Sin = -wo

x= Wo=

Case 1 = < > wo over-damped

=> ilt) = A , est + Azest

Case 2 = < < wo - under-damped

=> ilt) =
eCt [BiCos(wdt) + B2 Sin(wdt1]

Case 3 = 2w => Critically damped

=> i(t) = Difet +breat

=> calculate zcot) and /10 + 1 to get coefficient values

↳
Fu + vo-

a
i(o + 1 = To

dicotot(V-V-IR
V = Vr(0+) + V

, (0 + ) + Vy(0+)

v = RIo + V(ot) + Vo

VL(ot) = V- Vo - RIo

over Damped => I(Ot) = AIA

i/(o+ ) = S, A , + S2An

under dampedE 20t) = B1/ilot) = WdBz-B)

critical damped => i(0+) = D2 /i lo+) = Di- &Bu
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Example : the switch has been in position X for a long time
, at =o the switch moves to

position y , find itt) , tofind voltage on R
,

C & L

Series connectionit zon 2 = 2 ~=Zh

= 10 rad/see = 7 .1 rad/ses

at t = 0- C >w => over damped

↳ i(t) = Aie
*t

+Aze
Sat

S , Sz = -2 - wor
Io = 0

Vo = 12 v

Si = -17 radis S2 = -brad/s

i(ot) = 0 = Al +Az = 0

azuf
i'cox) =1)- FoR -vol
= =

- 60A/s

I you
=> -60A-

YS
Ai = 4. 3 Az = 4 ,3

ilt) = 4. 37t - Use t A
,
+yo

2) + VR = IR = 4 (4.3- 17t - yese:st] v

* V=L =
200mH [43x-17e*_4.3X3e

A Vc = = (vm + Vi) or - Egidt + Vo
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Example :

C= 31Mf, R = 509, L = 50 . 3 mA

The switch has been in position 1 for a long time, at +=o , the switch moves

·ria to position "2"
,

find voct) for30+

solution :

at t= 0- when to
L

· - vo ·jo +

Vo = -600V series connection

Io = 0

2= w=1
Fa

= 497 rad/se = 200 . 8 radise

ico =+[V-F-vo] LW = under damped Response

== 111 . 2OXIAson ilt = e-7 [B , Coslwdt) +B2 Sin Lwdt)]

i(0) = B1 = 0 Iwd = Na = 627 radise

20) = WdBz-BI
119 . 20x10= 627 B2

B2 = 190

i = (190 Sin (627t)e-497t (A , +30

Vo = Ri = 1500 Sin (627t)e497t
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Chapter 8 : 2nd order RLC circuit (extra Notes

X(t) = Xn + Xf

natural & ↳ forced

Xf = X(t 8)

The natural response

+a +x(t)fl

X(t) is either ult) or it

natural response Ef(t = 0 = homogenous

* Natural Response of Parallel RLC circuit :

find VIE for >O

Given Uc(ot = Ovolt => V , 10+= valot) = 0 volt

is (0-) = 10 A Ti
KCL :

ip(t) + ic(t) + ic(t) = 0

+-it+
↓

(minus : since the initial condition has opp direction of(t)

+ = 0

we need to find2nd IC

=
·

&= (for example

Uploaded By: Malak Dar ObaidSTUDENTS-HUB.com



solutions of this equation

Si , Se = -wo
where
<=Rc1 v= (Resonant frequency
(parallel)

(Damping coefficient

cases of (2 & Wo) :

I C > wo - over-damping -> real , diff roots

Xn(t) = A, e
**

+ Azet
, t >- S & Se Co

&) =Wo = critically - damped + real , repeated roots

Xn(t) = Dize
**

+ Dat-It

() <Wo => under-damped > complex roots

Xn(t) = e-
**

[BicosWd+ +BeSinWdt]

waro-2

step response => parallel RLC

given : v,
10t : 0 Volt

icon = oa Jetheyre notgira

ImitatiFind VLH for to
switching

Find: (t) for to
-

① kC) V = L ;

I = Ir + 2 + 2

I=Ytdt+ O= = Homogena

DE

I=+
-+

vc = V = d &
↓

non Homogenous

i(t)= [n(t) + 2f(t)

Natural & ↳ forced
=> If= k = I

response Response

Uploaded By: Malak Dar ObaidSTUDENTS-HUB.com



ic(t) = 24mA + All
-

200007
+ A,
-80000t

,
to

To find As & Ar , we need

zi(o+) = 0 anddilot

:
= 0 (according to what is given

G) Natural Response of series RLC circuit :

V, (0 - ) = vo/2)(0) To

+
L= 1H-

mir"
KVL

i(t)r + Vc + V = 0
t

i(t)R + LA + +Si(t)d+ + Ve0t =0]- for IC

ot

RA
+
L = R wo=2L
-

series

Three diff solutions:

Step response of series RLC circuit

L= It

R = 3 S

Huma
v=cu= c = 05y
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kVL :

Vs = Ritt) + Ldudev
unknown => i(t)

we can find i(t = ot = [lot) = 2)(0+ ) = 7
,
10) = 0

from DE at t =o
+

v = r(0+ )+
i(t) = t (vs - Vo - FoP)

then we find it

= /w

land we have to three case)

zo find Velt) -> two ways

wayz Vct) & ic(t)

way
Vs =

Ri + Ld Ve
ic() = c Adult

ic=
vc(t)= ictd+ + velot

↳
vs : Rx(dLxvc 2 4-5

non-Homogenous DE

Vc(t) = Van(t) + Vey(t)

to find VCf(t) = k => substitute in DE

Vs = R2Xo + 0 + K

=/

② to find Van(t) = Aie-t +Aze-

6c= w=
U(t) = Un(t) + Vy(t)

= Ai et + Aze
=2t + 1
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to find A , & As

y, (0)= Vc(ot)= 0 = 1 + A) +Az= 0

v, 0")=
ic(0 +) = i

,
(0+=

=> 0 = - Al-2Ar
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Example
⑪) find iCt) , to

G) find vct) , t> o
t=O

gor
5 mH

solution: ·oFun
at + = 0

9
Io = 0

· when >o
5 m it

809

I =3 :3 MA ① lov

vo = 50V vi
Va(t) = Vn(t) + Vy(t)

Vf = 100 V

Vn(t) = <= w=
initial conditions E

C = 8X10Prads we 104 rad's
W

V,(of = V
,
(0+) = 50 w> = complex roots

B , + 100 = 50 wd =-x

Bi =
- 50

= 6X103 rad/s

vi(0+) = i(0t = i
,
(0+) ult=ec

*

[B , Coswdt +BeSinwdE]
= e

- 8x0t
[B, (os(x10t) +B2 Sin(6x10t)

tot
o = wdBz - 2 Bi

B2 =-66 . 66 rad/s

v(t) = 100 + e
-

8x1037
[50 Cos(6X1037) -66 . 66 Sin (6x10ts]

i(t)= cd =
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= 2x10-6 [e - 2x10tx[-50x -Sin (6x103t)x6x103 - 66 - 66x(os(6x103t)x6x103)

+-50(0s(6X103t)- 66. 66 Sin (6x103t)X -8 No3e
-oxsy

orI(t) =>

z(t) = e
- 8x10"t [B, (os(6x1037) +B2Sin(6x10)

i(0 + ) = 2(0) = 0

i (cot) =+[Vs - vo-TR]
:(0t)=3

= 1 A

&Ge
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chapter 8 summary

Series parallel

i giVS E

[
>. % &11 -111- Stoneilt) = It has just one

form,
wether it was natural form,

wether it was natural

or forced response or forced response

i(t) = in(t) V(t) = Vn(t)

*① C = wo-t ① C = t wo-t
↳ over damped2Wo ↳ over damped2Wo

im = A , eit + Azest ult) = A , eit + Az est

SuSz = -da2-wor SuSz = -da2-wor

↳ under dampedawo
↳ under dampedawo

wa=a - 22 wa=a - 22

il = e-
st [B,

Cos(wdel + Be Sin(wdt] Vizl = e-st [B, Cos(wdel + Be Sin (wdt]
↳ critical damped x = Wo ↳ critical damped x = Wo

ict) = Diteat + Die vit = Diteat + Die

=> to find initial conditions => to find initial conditions

1((0t = [c(0 + ) =0 => at t= 0
-

To Dis C : (0 . 4)/L : (S .4 -51 gis =Vatt

Feat
vicoy =

-x[Es-Fo-
ot

- vc(t) = V
,
(t) = Vp(t)

v(t) -16157 : i(t) -/ 16157 :

V(t) = Vy(t) + Vf(t) i(t) = 2y(t) + 2f(t)

voltage sources -Id current source-Id
vf(t)= Us if(t)= Is

Unit) => same steps as I (t) init) => same steps as vCt)

at the end => V(t) = Vn(t) + Vf(t) at the end => 2(t) = [n(t) + 2f(t)
to find * C : to find * C :

V,
(d) = Vc(o + ) = Vo i(0t = i(0 +) = to

L

Vicot)
=Exet 2 (0+)

=
t

, (vot= V
C

* Note => try to simplify * Note => try to simplify

the circuit to look like the circuit to look like

the general form :
the general form :

you may use therein and you may use therein and

Norton techniques Norton techniques
or by using source transformation or by using source transformation
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test yourself :

Q at t = 0-

wor getrFrom
To = 100mA

I = 00= 25 mA

Vo = 3kX25m = 75V I Ic(0- = 100mA

Vc(o
= ) = 75

② at to

⑤ inct = A , e

-200
+ Aze-boot

meta 100 ma

i(t) = 100m + A , e-200t +Are
-foot

ilof = 100m
i(t) = in(t + 2z(t) #Ar= o

if(t) = Is = 100 mA

it+ c= wor
2(d) =U

=
300 A

= 500 rad's = 400 rads
300= -20A) - 80% Ar

3-
a > wo - real , diff roots(over damped

3 =

- GA2
Az= -0 . 5

Si =-+we =
-200 radi

Al = 0.5

S2 =
-N-w2 = -zoorad/s

* [(t)=100 m + 0 . 52-200t05 e-foot

* Vc =V = Ld

= 250x103205X-200e
-20070 .5x-00

=
-25e-200t + 100 e-foot
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②
at t > 0

2009

Fi
i(t) =>

c =Ewot
= 500 rads = 400 rad/s①ot a w : over damped

Si = -2+wor = -zood/s

& Fo = -100 + 120 Fo -100 1 = 6
se =
-x-Vaz

-

To
= -800 rads

1210-101 = 10

- 6007

12 10-YoxE = 10 i(t) = A , 2

- 20044the
100 = 10=A ((0=It) = 1

1 = A) +A
② If 50011 - 100 to = 0

511 = To icot =1[-Vo-FoR]I = E
=

- 700 Als
I = = 0 . 2 A +700= +20 A , + 80A-

5

- Vo -100 + 20X1 + 100X0 .2 = 0 -7-
Gov

-n =
- 6Az

Az = 0 . 833

Al = 0- 166

- zoot

· i (t) = 0 - 1662200
+

+0 .8332 A

v(t) = Ld
- 200t

= 200x10- [-200x0 - 166e +0 .833x-800 e-ooc)
-zoot

* v(t) =
- 6. 6672

- 133 . 32-800t

/
(4542s"bjc> Josiv)

5[08si
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